Abstract. MicroRNAs (miRs) have been found to play important roles in mediating a variety of biological processes in human cancers, including tumor cell proliferation, migration, invasion, and epithelial-mesenchymal transition (EMT). In the present study, we aimed to investigate the putative role of miR-200b in the progression of glioma. Real-time RT-PCR data showed that the miR-200b levels were frequently reduced in primary glioma tissues (n=88) and cell lines, when compared to normal brain tissues (n=25). Moreover, decreased miR-200b level was tightly associated with the malignant progression of glioma. Overexpression of miR-200b significantly suppressed cell proliferation, migration, invasion and EMT in glioma U251 and U87 cells. Luciferase reporter assay data further identified ZEB2 as a direct target of miR-200b, and the protein expression of ZEB2 was markedly reduced after overexpression of miR-200b in U251 and U87 cells. Furthermore, restoration of ZEB2 effectively reversed the reduced expression of ZEB2, as well as the suppressive effects of miR-200b overexpression on the proliferation, migration, invasion and EMT in glioma U251 and U87 cells. Moreover, in vivo study showed that overexpression of miR-200b significantly inhibited tumorigenesis as well as the tumor growth of glioma cells, and effectively protected nude mice from tumor-induced death. Taken together these findings suggest that miR-200b has suppressive effects on the proliferation, migration, invasion and EMT of glioma cells, partly at least, via targeting ZEB2. Therefore, miR-200b acts as a novel tumor suppressor in glioma, and thus may become a promising therapeutic candidate for glioma.
Introduction
Glioma, the most common of brain tumors, accounts for ~30% of central nervous system tumors and 80% of all malignant brain tumors (1) . Despite the remarkable development of therapies for other cancers, the median survival rate of glioma has not been remarkably improved over the past few decades, mainly due to its resistance to radiotherapy, chemotherapy and adjuvant therapies (2) (3) (4) (5) . Therefore, a more effective therapeutic strategy is urgently needed.
MicroRNAs (miRs), a kind of short non-coding RNA, generally lead to mRNA degradation or inhibition of protein translation, through directly binding to the 3' untranslational region (3'UTR) of their target mRNAs (6) . It has been well established that miRs play important roles in the regulation of various biological processes, including cell proliferation, differentiation, apoptosis, cell cycle progression, and migration (7) . Furthermore, both the upregulation of oncogenic miRs and the downregulation of tumor suppressor miRs are involved in tumorigenesis and cancer metastasis (8, 9) . Recent studies have suggested that miR-200b is frequently downregulated in glioma, and the decreased miR-200b expression is an independent unfavorable prognostic factor for glioma patients (10, 11) . Besides, miR-200b was reported to play a suppressive role in the regulation of glioma cell growth via targeting cAMP responsive element-binding protein 1 (CREB1) (12) . However, the exact role of miR-200b in the progression of glioma as well as the underlying mechanism still remain to be fully uncovered.
ZEB2, a member of the Zfh1 family of 2-handed zinc finger/homeodomain proteins, is located in the nucleus and functions as a DNA-binding transcriptional repressor that interacts with activated Shades (13) . Epithelial-mesenchymal transition (EMT) plays a key role in cancer cell metastasis (14, 15) . During EMT, E-cadherin is upregulated, while vimentin and N-cadherin are downregulated (16) . Recent studies have found that ZEB2 can bind to the E-cadherin promoter, and suppress the expression of E-cadherin during EMT (13) . Moreover, ZEB2 is also reported to promote the transcription of vimentin via cooperation with Sp1 during EMT (17) . Therefore, ZEB2 plays a promoting role in EMT. Moreover, our previous study demonstrated that ZEB2 is significantly increased in glioma tissues, and acts as an -200b inhibits the growth and metastasis  of glioma cells via targeting ZEB2   JIAN LI  1,3 , JIAN YUAN  1 , XIANRUI YUAN  1 , JIE ZHAO  1,3 , ZHIPING ZHANG  1,3 ,   LING WENG  2 and JINGPING LIU   1,3 Departments of 1 Neurosurgery, oncogene via mediating cell proliferation, cell cycle progression, apoptosis, migration, invasion and EMT in glioma (18) . However, the regulatory mechanism of ZEB2 in glioma remains largely unclear.
MicroRNA
In the present study, we investigated the putative role of miR-200b in the progression of glioma. We found that the expression of miR-200b was frequently reduced in clinical glioma tissue samples compared to normal brain tissues, and decreased miR-200b level is tightly correlated with the malignant progression, suggesting that miR-200b acts as a tumor suppressor in glioma. We further identified ZEB2 as a direct target gene of miR-200b. In vitro investigation revealed that miR-200b could inhibit the proliferation, migration, invasion and EMT of glioma cells through inhibition of ZEB2 expression.
Materials and methods
Ethics statement. The study was approved by the Ethics Committee of Central South University, Changsha, China, and written informed consents were obtained from all studied patients.
Clinical specimens. A total of 88 cases of glioma specimens and 25 normal brain tissues were obtained from Xiangya Hospital of Central South University between June 2011 and July 2013. The glioma patients included 40 female and 48 male who ranged in age from 20 to 77 years, with a mean of 47.2 years. The patients underwent MRI a few days before and within 72 h after surgery, and the extent of tumor resection was determined using the postoperative MRI scans. None of the patients received either radiation therapy or chemotherapy before surgical resection. All specimens had confirmed pathological diagnosis and were classified according to the World Health Organization (WHO) criteria. Among the 88 glioma samples, 34 were classified as low-grade including 10 pilocytic astrocytomas (WHO I) and 24 diffuse astrocytomas (WHO II), and 54 were classified as high-grade gliomas including 21 anaplasia astrocytomas (WHO III), and 33 primary glioblastomas (WHO IV). Clinicopathological information of the patients is summarized in Table I . All tissue samples were immediately snap-frozen in liquid nitrogen and stored at -80˚C until use.
Cell lines. Normal human astrocytes (NHA) and human glioma cell lines U251 and U87 were purchased from the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) (both from Life Technologies), 100 IU/ml penicillin and 100 IU/ml streptomycin. Cells were cultured at 37˚C in a humidified atmosphere with 5% CO 2 .
Real-time RT-PCR assay. Total RNA was extracted by using TRIzol reagent (Life Technologies). For detection of miRs, a miRNA Reverse Transcription kit (Life Technologies) was used to convert RNA into cDNA, according to the manufacturer's instructions. Real-time PCR was then performed by using a miRNA qPCR detection kit (GeneCopoeia, Rockville, MD, USA) on ABI 7500 thermocycler. U6 gene was used as an internal reference. For mRNA detection, Reverse Transcription kit (Life Technologies) was used to convert RNA into cDNA, according to the manufacturer's instruction. Real-time PCR was then performed by using qPCR detection kit (Life Technologies) on ABI 7500 thermocycler. The primers used were the following: miR-200b forward, 5'-GCCGCTAATA CTGCCTGGTAATG-3' and reverse, 5'-GTGCAGGGTTCC GAGGT-3'; U6 forward, 5'-CGCTTCGGCAGCACATATA-3' and reverse, 5'-TTCACGAATTTGCGTGTCAT-3'. The PCR steps were 95˚C for 10 min, and 40 cycles of denaturation at 95˚C for 15 sec and annealing/elongation step at 60˚C for 60 sec. The relative miR-200b expression was normalized to U6. The relative expression was analyzed by the 2 -ΔΔCt method (19) .
Western blot analysis. Cells were lysed with ice-cold lysis buffer (50 mM Tris-HCl, pH 6.8, 100 mM 2-ME, 2% w/v SDS, 10% glycerol). After centrifugation at 20,000 x g for 10 min at 4˚C, proteins in the supernatants were quantified and separated with 10% SDS-PAGE. Then, proteins were transferred onto a polyvinylidene difluoride (PVDF) membrane (Amersham Bioscience, Buckinghamshire, UK), which was then incubated with PBS containing 5% milk overnight at 4˚C. The PVDF membrane was incubated with rabbit anti-ZEB2 polyclonal antibody Small interfering RNAs, miR mimic and inhibitor. The pcDNA3.1-ZEB2 plasmid, miR-200b mimic, and scramble miR mimic, were purchased from Nlbio (Changsha, China).
MTT assay. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was used to examine cell proliferation (20) . Briefly, cells in each group were plated at a density of 10,000 cells/well in 96-well plates. After cultured for 12, 24, 48 and 72 h, the cells were incubated with MTT at a final concentration of 0.5 mg/ml for 4 h at 37˚C. After the removal of the medium, 150 mM DMSO solutions were added to dissolve the formazan crystals. The absorbance was read at 570 nm using a multi-well scanning spectrophotometer reader. Cells in the control group were considered 100% viable.
Cell migration assay. Wound healing assay was performed to evaluate the cell migratory capacity of glioma cells in each group. In brief, cells were cultured to full confluence. Wounds of ~1 mm width were created with a plastic scriber, and cells were washed and incubated in a serum-free medium. After wounding for 24 h, cells were incubated in a medium including 10% FBS. After cultured for 48 h, cells were fixed and observed under a microscope.
Cell invasion assay. Cell invasion assay was performed using Transwell chambers (BD Biosciences, Franklin Lakes, NJ, USA), which were pre-coated with Matrigel. Cell suspension containing 5x10 5 cells/ml was prepared in serum-free media, and 300 µl of cell suspension was added into the upper chamber. Then, 500 µl of DMEM with 10% FBS was added into the lower chamber. Cells were incubated for 24 h. A cotton-tipped swab was used to carefully remove the cells that did not migrate or invade through the pores. The filters were fixed in 90% alcohol and stained by crystal violet, and observed under an inverted microscope (Olympus, Tokyo, Japan). After that, 0.5 g/l MTT was added and incubated at 37˚C for 4 h. Then, the medium containing MTT was removed, and 50 µl of dimethylsulfoxide was added to each well. Following incubation at 37˚C for 10 min, the optical density at 570 nm was measured using the Bio-Tek™ ELX-800™ Absorbance Microplate reader.
Luciferase reporter gene assay. Cells were seeded into 24-well plates and co-transfected with 200 ng of pMiR-ZEB2 or pMiR-ZEB2-Mut vector and 100 ng of miR-200b mimic or scramble miR mimic, and the pRL-TK plasmid (Promega) as internal normalization. Cells were harvested after 36 h and lysed using the lysis buffer (Promega). Luciferase reporter gene assay was conducted by using the Dual-Luciferase reporter assay system (Promega), in accordance with the manufacturer's instruction.
Stable transfection and tumor growth analysis.
Male BALB/ C-nu/nu nude mice (8 weeks) were purchased and maintained under specific pathogen-free condition at the Animal Center of Central South University. The miR-200b was cloned into the pLVX-IRES-ZsGreen1 vector (Nlbio) to construct the pYr-LVX-miR-200b lentiviral plasmid. U251 cells were then stably transfected with pYr-LVX-miR-200b lentiviral plasmid or blank pLVX-IRES-ZsGreen1 vector as controls. To determine the effect of miR-200b on the tumorigenesis of glioma cells in vivo, nude mice (n=6) were injected subcutaneously in the dorsal flank with 5x10 6 U251 cells stably transfected with miR-200b-overexpressing plasmid. Besides, in the control group, nude mice (n=6) were injected with 5x10 6 U251 cells stably transfected with the blank vector. Survival time was recorded. The surviving nude mice were sacrificed 60 days after tumor implantation. Tumor volume was calculated by using the formula V (mm 3 ) = 0.5xaxb 2 (a maximum length to diameter, b maximum transverse diameter), and the tumor weight was recorded.
Statistical analysis. Data were expressed as mean ± standard deviation from at least three separate experiments. SPSS 18.0 software was used to perform statistical analysis. Comparisons of real-time data were analyzed by the unpaired t-test, whereas qualitative data were analyzed by the Chi-square test. Correlation was determined by Pearson correlation analysis. P<0.05 were considered statistically significant.
Results

Analysis of miR-200b expression and its association with clinicopathological features of gliomas.
To reveal the role of miR-200b in glioma, we firstly conducted real-time RT-PCR to examine the expression levels of miR-200b in 88 cases of glioma tissues as well as 25 cases of normal brain tissues as controls. The miR-200b levels were frequently decreased in glioma tissues compared to normal brain tissues (Fig. 1A) . Besides, the expression level of miR-200b was also decreased in glioma U251 and U87 cells (Fig. 1B) .
We further divided glioma patients into two groups, high miR-200b level and low miR-200b level, according to the median value of the miR-200b expression as the cutoff point. Among all glioma patients, 53 (60.23%) were in low miR-200b level group, and 35 (39.77%) were in high miR-200b level group. Based on these two groups, we analyzed the association of miR-200b levels with clinicopathological features of human gliomas. As shown in Table I , the high-grade glioma tissues (grade III and IV) showed lower miR-200b levels compared to the low-grade glioma tissues (grade I and II) (P<0.001). Moreover, no statistically significant association of miR-200b expression was found with the age, gender, tumor size, and extent of resection (both P>0.05) ( Table I) . Based on these data, we suggest that aberrant downregulation of miR-200b may play a key role in the progression of human glioma. Fig. 2A) . We then performed MTT assay to determine the cell proliferation in each group, and showed that upregulation of miR-200b significantly reduced U251 and U87 cell proliferation (Fig. 2B) . Moreover, wound healing assay and Transwell assay were conducted to examine the cell migration and invasion. Overexpression of miR-200b markedly suppressed U251 and U87 cell migration and invasion, compared to the control group, respectively ( Fig. 3A and B) . We further determine the levels of EMT-related proteins N-cadherin, E-cadherin and vimentin in each group, and showed that upregulation of miR-200b led to increased expression of E-cadherin and decreased N-cadherin and vimentin, when compared to the control group (Fig. 3C ). Taken together, we suggest that overexpression of miR-200b can inhibit cell proliferation, migration, invasion and EMT of glioma cells.
ZEB2 is a direct target gene of miR-200b and its expression is negatively regulated by miR-200b in glioma cells.
We further used three computational algorithms, PicTar, TargetScan and (Fig. 4A) .
To verify this predication, we subcloned the wild-type or mutant of ZEB2 3'UTR into a luciferase reporter vector, respectively (Fig. 4B) . Co-transfection with pMiR-ZEB2 plasmid and miR-200b mimic resulted in significant decrease in the luciferase activity; however, co-transfection with pMiR-Mut ZEB2 plasmid and miR-200b mimic did not change the luciferase activity (Fig. 4C) , indicating that miR-200b can directly bind to the 3'UTR of ZEB2 mRNA. We further determined the protein level of ZEB2 in U251 and U87 cells after transfection with miR-200b mimic. Overexpression of miR-200b significantly suppressed the protein expression of ZEB2 in glioma U251 and U87 cells (Fig. 4D) . Therefore, we demonstrate that plasmid. After transfection, the decreased protein level of ZEB2 was significantly reversed (Fig. 5A ). After that, we Our data showed that the cell proliferation (Fig. 5B) , migration (Fig. 6A) and invasion (Fig. 6B) were all higher in U87 and U251 cells co-transfected with miR-200b mimic and ZEB2 plasmid, when compared to U87 and U251 cells only transfected with miR-200b mimic. Besides, the E-cadherin was downregulated while N-cadherin and vimentin were upregulated in glioma cells co-transfected with miR-200b mimic and ZEB2 plasmid, when compared to U87 and U251 cells only transfected with miR-200b mimic (Fig. 6C) , suggesting that the EMT was upregulated after restoration of ZEB2. Taken together, we indicate that restoration of ZEB2 effectively rescues the suppressive effects of miR-200b overexpression on the malignant phenotypes of glioma cells.
miR-200b inhibits the growth of glioma in nude mice.
We then examined the effects of miR-200b upregulation on the growth of human glioma xenograft in nude mice. We cloned the miR-200b to pLVX-IRES-ZsGreen1 vector to construct the pYr-LVX-miR-200b lentiviral plasmid. Then, U251 cells were stably transfected with pYr-LVX-miR-200b lentiviral plasmid. In the control group, U251 cells were stably transfected with the blank pLVX-IRES-ZsGreen1 vector. After transfection, the expression level of miR-200b was significantly increased compared to the control group (Fig. 7A) . Nude mice were subcutaneously implanted with U251 cells stably transfected with pYr-LVX-miR-200b lentiviral plasmid or blank pLVX-IRES-ZsGreen1 vector, respectively. After implantation, the tumor gradually grew, and several mice gradually died with the tumor growth. As indicated in Fig. 7B , mice in the control group died within 60 days after implantation, while only 1 mouse in the miR-200b-overexpressing died within 60 days after implantation, indicating that overexpression of miR-200b in U251 cells effectively protected nude mice from tumor-induced death. The surviving mice were sacrificed 60 days after implantation, and the glioma xenograft was obtained (Fig. 7C) . As indicated in Fig. 7D and E, the tumor volume and weight in the miR-200b-overexpressing group were markedly higher, when compared with those in the control group. These data suggest that miR-200b can inhibit the growth of glioma in nude mice.
Discussion
A variety of miRs have been reported to be involved in glioma pathogenesis. For instance, miR-124 can inhibit glioma cell migration and invasion by targeting ROCK1 (21) . miR-21 promotes glioma invasion by targeting matrix metalloproteinase (MMP) inhibitors (22) . Besides, miR-145 functions as a tumor suppressor in glioma cells by targeting Sox9 and adducin 3 (23) . Recently, several studies revealed the potential role of miR-200b in glioma. Peng et al reported that miR-200b inhibited glioma cell growth via inhibition of CREB1 expression (12) . Further two studies reported that decreased miR-200b level was an independent unfavorable prognostic factor for glioma patients (10, 11) . In addition, DNMT1 and EZH2 were found to mediate the methylation silence of miR-200b and thus promote glioma progression (24) . However, the detailed role of miR-200b in glioma malignant progress, as well as the underlying mechanisms, still remain largely unclear. In this study, our data showed that miR-200b was frequently downregulated in glioma tissue specimens, when compared to normal brain tissues. Moreover, we found that decreased miR-200b expression was correlated with malignant progression of glioma, suggesting that miR-200b acts as a tumor suppressor in glioma.
We investigated the function of miR-200b in glioma. Our data showed that the re-introduction of miR-200b significantly inhibited cell proliferation, migration, invasion and EMT of glioma cells in vitro. Accordingly, we suggest that the decreased expression of miR-200b contributes to the advanced progression of human glioma. Similar findings were also reported in other types of human cancers. For instance, Williams et al found that miR-200b inhibited growth, EMT and metastasis of prostate cancer (25) . Yu et al found that miR-200b suppressed cell proliferation, migration and enhanced chemosensitivity in prostate cancer by regulating Bmi-1 (26) . On the contrary, however, miR-200b was also reported to be an onco-miR that targets the tumor suppressor PTEN in endometrioid endometrial carcinoma (27) , suggesting that the role of miR-200b is tumor-specific. We further identified ZEB2 as a direct target gene of miR-200b by conducting luciferase reporter assay, and found that miR-200b negatively mediated the protein expression of ZEB2 in glioma cells. ZEB2 is a member of the deltaEF-1 family of two-handed zinc-finger factors, and acts as a transcriptional factor. Recent studies have suggested that deregulation of ZEB2 is associated with the development and progression of multiple types of human cancers, including breast (28), gastric (29) , renal (30) , pancreatic (31), head and neck (32) , glioma (33) , hepatocellular (34) , ovarian (35) , squamous and non-small cell lung carcinomas (36) . Moreover, our previous study revealed an oncogenic role of ZEB2 in glioma (18) . We found that ZEB2 was significantly upregulated in glioma tissues compared to normal brain tissues, and high protein levels of ZEB2 were positively correlated with malignant progression of glioma. We further found that knockdown of ZEB2 suppressed cell proliferation, migration, invasion and EMT, while induced cell apoptosis and cell cycle arrest in glioma cells (18) . Therefore, ZEB2 acts as an oncogene in glioma. In the present study, we found that overexpression of ZEB2 significantly rescued the suppressive effects of miR-200b upregulation on cell proliferation, migration, invasion and EMT in glioma cells. Accordingly, ZEB2 is involved in miR-200b-mediated malignant phenotypes of glioma cells. In addition, several other studies have also demonstrated that ZEB2 is a direct target of miR-200b and acts as a downstream effector in different cell types. For instance, Kurashige et al reported that miR-200b suppressed cell proliferation, invasion, and migration by directly targeting ZEB2 in gastric carcinoma (37) . Fang et al (38) found that miR-200b inhibited multi-drug resistance of small cell lung cancer via targeting ZEB2. Therefore, this study expands the understanding of the relationship between miR-200b and ZEB2 in human cancers.
Finally, our in vivo study showed that overexpression of miR-200b significantly inhibited tumorigenesis as well as the tumor growth of glioma cells, and effectively protected nude mice from tumor-induced death. These data further indicate that miR-200b indeed acts as a tumor suppressor in glioma.
In conclusion, this study investigated the suppressive role of miR-200b in the growth and metastasis of glioma cells, and suggests that miR-200b acts as a novel tumor suppressor miRNA in glioma. miR-200b has suppressive effects on the proliferation, migration, invasion and EMT of glioma cells, partly at least, via targeting ZEB2. The present study provides novel insights into the mechanism underlying the development and progression of glioma, and suggests that miR-200b may become a promising therapeutic candidate for glioma.
